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Introduction

The relative length difference between the radial 
and ulnar distal joint faces is defined as ulnar vari-
ance (UV). It is evaluated as neutral UV (both joint 
surfaces are at the same level), positive UV (ulnar 
joint face is more distal), and negative UV (ulnar 
joint face is more proximal) (1). The relative length 
of the ulna compared to the radius or UV is seen 
as an important element in wrist pathologies. This 
length can be affected by age, genetic factors, load, 
and elbow pathology (2). Negative UV is associated 
with Kienböck’s disease, avascular scaphoid necro-
sis, and scapholunate dissociation (2). In contrast, 
positive UV is detrimental to the ulnar region of the 
wrist, as it may cause perforation and degeneration 
of the triangular fibrocartilage complex and erosion 
of the cartilage of the carpal bones (ulnar impaction 
syndrome) (2, 3).

Reliable measurements of UV are of utmost impor-
tance for surgical interventions, although the pre-
ferred method of measurement is still controversial 
in the literature (4). The value of the UV may vary 

depending on the position of the forearm at the time 
of rectification. Accordingly, positive UV value in-
creases at maximum forearm pronation, whereas 
negative UV value increases at maximum forearm 
supination. Therefore, measurements are typically 
performed on graphs taken with shoulder at 90° ab-
duction, elbow at 90° flexion, and wrist in neutral 
position (1).

Two methods are still widely used in UV measure-
ment: the circular method and the perpendicular 
measurement method. There have not been enough 
studies on which of these methods are more re-
liable. There are also contradictory findings of 
whether UV is affected by some demographic vari-
ables such as age, sex, and sides. Our hypothesis is 
that these 2 methods will yield different results in 
UV measurement and are affected by demographic 
variables.

This study aimed to compare the measurement meth-
ods of UV and to provide information about whether 
UV changed based on the demographic characteris-
tics of patients.
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ABSTRACT

Objective: This study aimed to compare 2 methods of ulnar variance (UV) measurement (the perpendicular method and the circular 
method) and to determine whether UV changed based on the demographic characteristics (sex and age).

Methods: UV was measured on bilateral wrist radiographs of 124 patients (62 men, 62 women; mean age=48.5 years; range=18-79 years) 
who had no history of trauma, congenital wrist anomaly, previous wrist surgery, and wrist osteoarthritis by a single radiologist with 4 
years of experience. All measurements were made on standardized radiographic images using 2 methods: the perpendicular method and 
the circular method. All the patients were then divided into groups based on sex and age, and the study population was determined by 
selecting a similar number of patients for each sex and age group.

Results: The mean UV of the right and left wrists was measured as 0.33 (range=−4.3 to 5.7) mm by the perpendicular method and as 0.034 
(range=−5 to 5.7) mm by the circular method. A significant difference was determined between the 2 measurement methods (p<0.001). 
There was a statistically significant difference between sex and UV values in the left wrist measurements by both methods (p<0.05). A 
significant correlation was found between the UV and age in both right and left side measurements, indicating a statistically significant 
difference between the methods (p<0.001).

Conclusion: The results of our study demonstrated significant differences in the UV measurement between the 2 methods. Furthermore, 
UV measurement may change based on age and sex. These differences should be considered in the treatment planning of patients with 
wrist disorders.

Level of Evidence: Level IV, Therapeutic Study
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Materials and Methods

Subject and study design
Bilateral wrist radiographs taken routinely during the diagnostic pro-
cess of the patients who consulted the rheumatology clinic of our 
hospital were scanned retrospectively. Patients with wrist trauma, 
patients with congenital wrist anomaly, patients who had undergone 
a wrist surgery, and patients with wrist osteoarthritis were exclud-
ed from the study. In addition, non-standard wrist radiographs and 
radiographs in which the measurement area was not displayed well 
were excluded from the study. The patients, whose wrist was accept-
ed as normal, were divided into groups according to their sex, and 
the age difference between them was 10 years. The study population 
was determined by selecting a similar number of patients for each 
sex and age group.

A written informed consent was obtained from each patient. The 
study was approved by the Clinical Research Ethics Committee of 
Akdeniz University, School of Medicine (Date: May 22, 2019 and No: 
480).

Wrist plane radiographic imaging
Direct graphic images taken with double-detector digital x-ray devic-
es (USX-RAY, Bolu, Turkey, and Dynamic X-RAY, Ankara, Turkey) 
were evaluated for both wrists. To determine UV on radiographs, the 
accepted standard view is a posteroanterior projection obtained with 
the wrist in neutral forearm rotation, the elbow flexed to 90°, and 
the shoulder abducted to 90° (5). A 100-cm film-focus distance, 57 
kVp, 80 mA, and 5 mAS radiation dose were used as the exposure 
parameters.

Radiographic measurement
The resulting images were sent to the hospital picture archiving and 
communication system (PACS), and the images were evaluated with 
the Sectra Workstation IDS 7 version 20.2 (Sectra AB, Linköping, 
Sweden). The measurements were performed by a single radiologist 
with 4 years of experience with this workstation.

Various techniques for evaluating UV have been proposed in the lit-
erature (6). To determine UV, measurements were made on direct ra-
diographic images using 2 methods: bilateral perpendicular and bilat-
eral circular (7). In the perpendicular method, a line was first drawn 
along the longitudinal axis of radius, another line was drawn at the 
apex of the cortical rim of the distal ulnar aspect of the radius, and 
a third line was drawn at the apex of the distal cortical rim of ulna, 
the latter 2 lines being perpendicular to the first line. Then, the dis-
tance between these 2 lines was measured (Figure 1. a, b). The ulna 
was named as negative UV if it was more proximal than 1 mm and 
positive UV if it was more distal than 1 mm. In the circular method, 
we drew 2 successive circles, one touching the concavity of the distal 
radial sclerotic line and other touching the distal cortical rim of the 
ulnar head. Tangential lines were, then, drawn at both these points, 
and the distance between the 2 was measured (Figure 1. c, d). Like-
wise, the negativity or positivity of ulnar variance was named (8, 9).

Statistical analysis
Statistical analysis was carried out using the IBM Statistical Pack-
age for the Social Sciences Statistics for Windows version 23.0 (IBM 
SPSS Corp., Armonk, NY, USA). Data were expressed in mean±stan-
dard deviation, median (min-max), or number and frequency. The 
normality assumptions were analyzed using the Shapiro-Wilk test. 
The differences between 2 groups were evaluated using the Student’s 
t-test. The paired t-test was used to compare the means of UV mea-
sured by the perpendicular method with UV measured by the circu-
lar method. The Pearson correlation test was performed to examine 
the correlation between age and UV. A p value of <0.05 was consid-
ered statistically significant.

Results

A total of 124 patients (62 men, 62 women; mean age=48.5 years; 
range=18-79 years) were included in this study.

The mean UV was 0.33 (range=−4.3 to 5.7) mm in the measurements 
using the perpendicular method for both wrists of the patients. The 
mean UV was found to be 0.034 (range=−5 to 5.7) mm in the circular 
method measurements. In addition, the UV values measured by the 
circular and perpendicular methods are given as the mean value in 
both wrists (Table 1).
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•	 A significant correlation was seen between ulnar variance (UV) and age, 
which may explain why non-traumatic ulnocarpal impingement syndrome is 
more common among the elderly.

•	 A significant correlation was observed between UV and sex on the left side in 
the measurements using perpendicular and circular methods.

•	 We believe that the potential lack of techniques in the literature, especially 
in the circular method, is due to differences in the concaveness of the lunate 
fossa.

H I G H L I G H T S

Table 1. Patient characteristics

Variables n=124

Age (years), mean±SD (min-max) 48.5±18 (18-79)

Sex, n (%)

Female 62 (50)

Male 62 (50)

Right perpendicular, mean±SD (min-max) 0.35±1.78 (−4.3 to 5.7)

Right circular, mean±SD 
(min-max)

0.04±1.91 (−5.3 to 7)

Left perpendicular, mean±SD 
(min-max)

0.31±1.75 (−4.4 to 4.8)

Left circular, mean±SD (min-max) −0.003±1.86 (−5 to 4.9)
n: number of patients; SD: standard deviation

Table 2. Comparison of ulnar variance by 2 techniques

UV

Perpendicular 
(n=124)

Mean±SD (min-max)

Circular (n=124)
Mean±SD (min-max)

p

Right wrist UV 0.35±1.78 
(−4.3 to 5.7)

0.04±1.91 
(−5.3 to 7)

<0.001

Left wrist UV 0.31±1.75 
(−4.4 to 4.8)

−0.003±1.86 
(−5 to 4.9)

<0.001

p 0.662 0.719
n: number of patients; UV: ulnar variance

Table 3. Comparison of age and ulnar variance according to sex

Variables
Women (n=62)

Mean±SD (min-max)

Men (n=62)
Mean±SD (min-

max) p

Age 48.5±18.1 
(18-79)

48.5±18.1 
(18-79)

0.996

Right wrist

Perpendicular 0.45±1.8 
(−3.2 to 4.2)

0.25±1.76 
(−4.3 to 5.7)

0.524

Circular 0.17±1.87 
(−3.2 to 4.8)

−0.1±1.97 
(−5.3 to 7)

0.435

Left wrist

Perpendicular 0.62±1.69 
(−3.5 to 4.8)

−0.01±1.76 
(−4.4 to 2.9)

0.043

Circular 0.33±1.79 
(−4 to 4.9)

−0.33±1.88 
(−5 to 3)

0.047

n: number of patients



A statistically significant difference was found between the 2 mea-
surement methods (p<0.001) (Table 2). The mean value of UV in the 
right wrist was 0.35 mm as measured by the perpendicular method 
and 0.04 mm as measured by the circular method (p<0.001). Simi-

larly, the mean value of UV in the left wrist was 0.31 mm as mea-
sured by the perpendicular method and −0.003 mm as measured by 
the circular method (p<0.001). In addition, no statistically significant 
difference was found between the UV measurements of the right and 
left wrist radiographs (p=0.662) using the perpendicular method and 
the UV measurements of the right and left wrist radiographs using 
the circular method (p=0.719) (Table 2) (Figure 2. a-d).

On the right side, the mean UV was 0.45 mm and 0.25 mm in female 
and male patients, respectively, as measured by the perpendicular 
method. The mean UV as measured by the circular method was 0.17 
mm in female patients and −0.1 mm in male patients. No statistically 
significant difference was found in the perpendicular and circulato-
ry methods on the right side according to sex (p=0.524 and p=0.435, 
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Figure 1. a-d. Schematized perpendicular and circular methods. (a) Right side negative ulnar variance by perpendicular method. (b) Right side positive ulnar variance by 
perpendicular method. (c) Right side negative ulnar variance by circular method. (d) Right side positive ulnar variance by circular method

a

c

b

d

Table 4. Correlation between age and ulnar variance

Age

r p

Right wrist

Perpendicular 0.165 0.067

Circular 0.217 0.016

Left wrist

Perpendicular 0.207 0.021

Circular 0.297 0.001



respectively). However, UV values were statistically significantly dif-
ferent between genders in the measurements on the left side when 
both the perpendicular method (p=0.043) and the circular method 
(p=0.047) were measured (Table 3).

Correlation analysis revealed no significant difference in the perpen-
dicular measurement of the right wrist (p=0.067), although there was 
a significant difference in the circular measurement (p=0.016). How-
ever, a statistically significant difference was found between UV and 

age in the perpendicular and circular measurements of the left wrist 
(p=0.021 and p=0.001, respectively) (Table 4). The distribution of the 
mean UV according to age is shown in Figure 3. a, b. The mean values 
of UV by decades are shown in Table 5. 

Discussion

UV measurement is a frequently used method in the evaluation of 
wrist diseases, understanding the etiology, and during surgical plan-
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Figure 2. a, b. Comparison of (a) the right wrist and (b) the left wrist ulnar variance by 2 techniques
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Figure 3. a, b. Correlation between age and ulnar variance in (a) the right wrist and (b) the left wrist ulnar variance measured by the circular method
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Table 5. Comparison of ulnar variance by age decades

UV 3rd

Mean±SD 
(min-max)

4th

Mean±SD 
(min-max)

5th

Mean±SD 
(min-max)

6th

Mean±SD 
(min-max)

7th

Mean±SD 
(min-max)

8th

Mean±SD 
(min-max)

Right wrist

Perpendicular −0.25±1.6 
(−3.2 to 4)

0.4±1.84 
(−2.7 to 4.2)

0.25±2.03 
(−4.3 to 3.4)

0.4±1.63 
(−3.6 to 2.6)

0.95±1.76 
(−2.3 to 5.7)

0.48±1.8 
(−2.2 to 4.2)

Circular −0.81±1.67 
(−3.2 to 3.6)

0.09±1.91 
(−3.2 to 4.3)

−0.11±2.06 
(−5.3 to 3.1)

0.18±1.65 
(−3.6 to 2.7)

0.77±2.03 
(−2.3 to 7)

0.28±2 
(−3.4 to 4.8)

Left wrist

Perpendicular −0.35±1.83 
(−3.5 to 2.7)

0.41±1.45 
(−2 to 3.3)

−0.12±1.93 
(−4.4 to 2.4)

0.48±1.61 
(−3.7 to 2.7)

0.78±1.76 
(−2.8 to 4.8)

0.77±1.73 
(−3.3 to 4.2)

Circular −1±1.87 
(−4.1 to 1.9)

0.02±1.59 
(−2.6 to 3)

−0.43±1.97 
(−5 to 2.1)

0.27±1.67 
(−3.7 to 2.7)

0.56±1.87 
(−3.3 to 4.9)

0.76±1.72 
(−3.4 to 4.7)



ning. Therefore, accurate measurement and evaluation may change 
the procedures to be performed on the patient.

The value of UV is associated with wrist pathologies. Negative UV is one 
of the most common risk factors for reduced radial inclination, recur-
rent wrist traumas, disruption of lunate bone geometry, and avascular 
necrosis of lunate bone in the literature (10). Mechanical factors such as 
negative UV may cause avascular necrosis of the lunate (11). The length 
of the ulna does not remain the same throughout life. In addition, pre-
vious reports have demonstrated that UV varies depending on age, ge-
netics, load transfer with the ulna, and wrist and elbow pathologies (2, 
7). Nakamura et al. found a significant relationship between UV and 
age in their studies (9). Similarly, we found a significant correlation be-
tween UV and age, which may explain why non-traumatic ulnocarpal 
impingement syndrome is more common among the elderly.

According to our study results, normal wrists and wrists with Kien-
böck’s disease or scapholunate dissociation could be reevaluated by 
side and sex, as there was a significant correlation between UV and 
sex on the left side. According to the findings in our study, the mean 
UV in the right and left wrists using the perpendicular and circular 
methods was 0.33 mm and 0.034 mm, respectively. There was a sta-
tistically significant difference between sex and UV values in the left 
wrist measurements by both the methods. A significant correlation 
was found between the UV and age in both right and left side mea-
surements, indicating a statistically significant difference between 
the methods (p<0.001). In this study, a significant correlation was 
observed between UV and sex on the left side in the measurements 
using both the methods, in contrast to a study by Elsaftawy et al. (12), 
which reported no significant correlation between UV and sex. In an-
other study, Nakamura et al. (9) found that the mean UV value was 
lower in men than in women, consistent with the results of our study. 

Although there are various methods to measure UV, none has been 
accepted with certainty. The perpendicular technique is accepted as 
the simplest and most suitable method by the majority of surgeons 
(13). Steyers et al. reported that although the values measured by the 
perpendicular method revealed more positive results than those mea-
sured by the circular method, they were unable to find a statistically 
significant difference between these 2 methods (14). In our study, 
a significant difference was observed between both the methods 
(p<0.001), and a significant correlation was found between UV and 
sex on the left side.

This study had some inherent limitations. The sample size was rel-
atively small, and observers 1 and 2 were not used as the measure-
ments were made by a radiologist. This study also highlighted the ba-
sic limitations of using static radiographic images in evaluating UV.

In conclusion, we believe that the potential deficiency of the tech-
niques in the literature, particularly in the circular method, arises 
from the differences in the concavity of the lunate fossa. We think 
that the incompatibility between the methods used in the treatment 
planning of the patients should not be ignored. However, further 
large-scale, prospective studies are needed to confirm these find-
ings.
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